1 3 1 grinding stage) with minor modifications to avoid cross-contamination between samples; all 1 3 2 steps requiring 650 µl were reduced to 625 µl. Columns were incubated at 56°C for 15 min prior 1 3 3 to DNA elution in 100 µl of PW6 buffer and quantified using Qubit 2.0 and HS dsDNA kit. All lab surfaces and equipment were decontaminated as described above. The DNA extraction 1 3 6 protocol employed ProK digestion in the presence of chaotropic salts followed by the use of 1 3 7 magnetic beads to bind and then release DNA. Sera-Mag SpeedBead Carboxylate-Modified 1 3 8
Magnetic Particles (Hydrophilic) from GE Healthcare were employed to bind/release DNA. They were prepared as described in [41] in a polyethylene glycol/NaCl buffer (0.1% Sera 1 4 0
Magnetic Particles (w/v) in 18% PEG-8000, 1M NaCl, 10 mM Tris-HCl, pH 8.0, 1 mM EDTA 1 4 1 pH 8.0, 0.05% Tween 20). Extraction was initiated by adding a 1/5 volume of 5M GuSCN lysis 1 4 2 buffer [40] to non-treated samples and a 1/10 volume of ProK (20 mg/ml). Each tube was 1 4 3 vortexed and incubated for 2 hours at 56°C on an orbital shaker, then held for 30 min at 65°C 1 4 4 before being centrifuged at 2000 g for 2 min. DNA was extracted from 500 µl of the resultant 1 4 5 8 lysate after its transfer to a 2 ml Eppendorf LoBind tube. 500 µl of prepared magnetic beads was 1 4 6 added to each lysate, and a pipettor was used to mix the beads and lysate before incubation at 1 4 7 room temperature for 10 min. Tubes were then placed on a magnet (DynaMag) and incubated 1 4 8 1 7 1 visualized on an E-Gel96 (Invitrogen, Thermo Fisher Scientific). We conducted a mock eDNA experiment to ensure our methods could detect species of 1 8 4
Pterigoplichthys. Two of these fishes were kept in a 10 L aquarium for 10 days at 25°C. One 1 8 5 liter of water was collected and two 0.5 L subsamples were filtered through separate 0.22 µm 1 8 6 filters; filters were stored with buffer and no buffer as described above. habitats (see Fig 1) . As well, four other datasets with all public data on BOLD for Amphibia, Mammalia, Aves, and Reptilia were constructed. These five datasets were employed as a basis for assigning a source species to each OTU recovered from the present eDNA analyses. The following procedure was used to process the raw NGS reads: Cutadapt (v1.8.1) was used to were mapped onto a neighbor-joining Taxon ID tree generated in BOLD for these taxa, and The eDNA analyses recovered sequences from 75 species of vertebrates including 47 fishes 2 1 7 (Table 2) , 15 birds, 7 mammals, 5 reptiles and 1 amphibian, most previously known from this 2 1 8
region. Although substantially more species were recovered from the water than from the 2 1 9 sediments ( Table 3 , Fig 3) , five species were only recovered from sediments -racoon (Procyon 2 2 0 lotor), pig (Sus scrofa), meso-american slider turtle (Trachemys venusta), brown jay (Psilorhinus 2 2 1 morio), and great blue heron (Ardea herodias). However, all fish species detected in sediment 2 2 2 samples were also recovered from the water samples (Table 3 , S1 Table) . with 1000 randomizations and classic formula for Chao 1 and Chao 2. The three fish orders with highest number of detected species were Cichliformes (12 species), 2 3 5
Cyprinodontiformes (11 species), and Gobiiformes (5 species) (S2 Table) . Although 2 3 6
Pterygoplichthys sp. was not recovered from water and sediment samples, it was recovered from 2 3 7 the mock eDNA study (S1 Table and S2 Table) . In total, 272,610 reads obtained by the PGM from the water and sediment samples showed a from the water samples (Fig 4) . In fact, no species were recovered from the sediment samples with the lowest value in December 2015 (Fig 4, 5A) . Best results were obtained with filtered 2 5 0 water rather than sediments for both treated and untreated samples (Fig 3, 4, 5A ). Qubit. Whiskers correspond to data within 1.5x of interquartile range (IQR). With two exceptions, negative PCR and DNA extraction controls did not produce any vertebrate 2 6 2 reads aside from those deriving from humans (S2 Table) . Two reads of Trichromis salvini were impacted our overall conclusions. Two sequencing platforms (PGM, S5) were used to analyze the same set of water samples from 2 7 0
April 2016 and from the mock experiment. The PGM generated 57,689 reads that matched 2 7 1 vertebrates while the S5 generated 1,106,574 vertebrate reads. Reflecting its 20-fold higher 2 7 2 sequence count, the S5 recovered more fish species than the PGM (41 vs. 34). However, large 2 7 3 shifts in the relative number of read counts for the component species were also detected. For April 2016 and mock experiment, analyzed with Ion Torrent PGM and S5 instruments. To verify the accuracy of the identifications assigned to the sequences recovered from eDNA, we 2 7 9 generated a Neighbor-Joining tree in BOLD for detected fish species and mapped corresponding 2 8 0 top-hit process IDs (Fig 7) . Although eDNA has often been thought to degrade rapidly, factors such as temperature, overall probability of eDNA detection also depends on its production which may vary by 2 9 1 species, by season, by density, and diet, and its loss from the study system via water discharge or 2 9 2 diffusion [59]. Because techniques for eDNA analysis are still being optimized, some contradictory results have 2 9 4 been reported. For example, a laboratory study showed that eDNA degradation increased with 2 9 5 rising temperature, particularly in water samples from an oligotrophic lake [31] . By contrast, invasive Mozambique tilapia in ponds via eDNA protocols and found that increased water 2 9 8 2 0
temperatures did not affect degradation rates. However, they did detect increased rates of eDNA 2 9 9
shedding at 35°C.
3 0 0
The present study represents the first time that the effectiveness of eDNA has been tested in an preservation, perhaps explaining the better recovery of eDNA from water samples than 3 0 4 sediments (Fig 2, 5A) . The recovery of species from sediments were low (0-8 species per site) 3 0 5
despite the higher DNA concentration in most samples treated with buffer ( Fig 5B) . The low 3 0 6 recovery may reflect the presence of inhibitors or nuclease activity although best practices were 3 0 7
followed to minimize DNA loss [61, 62] . In particular, samples were transferred onto ice 3 0 8
immediately following collection, and DNA was promptly extracted from the samples. and associated wetlands [48, [51] [52] [53] [54] 70] . The present study has affirmed the effectiveness of The present study recovered sequences records from six fish species new to the Lake Bacalar detected with eDNA, Astyanax mexicanus was the least certain as it was only represented by 7
3 5 0 reads from the S5 with an average identity of 0.97 (S2 Table) , which may be low quality reads.
3 5 1
Although Dorosoma anale was only represented by 13 reads from water at La Unión station, this The presence of two other species (Cyprinodon beltrani (two PGM reads) and Vieja fenestrata 3 5 5
(five S5 reads) was less certain. C. beltrani is native to Chichancanab lagoon, and cannot be in the study area is unlikely.
3 5 9
Our results also revealed good eDNA recovery for other vertebrates, including rare species, such were threatened by invasive species [74] . The Lake Bacalar water basin has been recognized as between Mexico and Belize, which has been heavily impacted by the discharge of organic waste We developed field sampling protocols and a HTS pipeline which enabled the efficient recovery 
